Several studies in mammals focused on the maternal programming of the metabolism by epigenetic mechanisms, while currently, the consequences of a maternal dietary treatment on the offspring performance of farm animals are of particular interest for commercial purpose. In the present study, we investigated if the zootechnical performance of the progeny was altered by a maternal dietary treatment, being a lower dietary crude protein (CP) of the grandparent and/or parent generation. The multigenerational effects of a reduced maternal CP content were investigated by reducing the dietary CP level by 25% in rearing and laying diets of pure line A breeders. The F0 generation breeders were fed either control (C) or reduced balanced protein (RP) diets. The F1 breeder generation was constructed by dividing the F0 female progeny again over a C or RP diet, resulting in 4 dietary treatments in the F1 generation: C/C, C/RP, RP/C, and RP/RP (letters indicating the diets in, respectively, F0 and F1 generations). The offspring performance was evaluated by a zootechnical and nitrogen retention trial on C and low-protein (LP) broiler diets. For the C broiler diet, the C/RP and RP/RP offspring were characterized by a higher BW from d 35 until d 42 compared to the C/C progeny, whereas the RP/C offspring had an intermediate BW that did not differ from the other groups. A tendency (P = 0.067) towards a better nitrogen retention was observed for the offspring of breeders that received the RP diets in F0 and/or F1 generation compared to the C/C progeny. For the LP broiler diet, the C/RP (P = 0.021) and RP/C (P = 0.001) offspring had a higher BW compared to the C/C progeny during the entire grow-out period. In addition, the C/RP offspring were characterized by a lower FCR from d 28 onwards (P = 0.021). In conclusion, dietary treatments imposed on mother hens can have direct effects on the next generation, as well as indirect effects on multiple generations.
INTRODUCTION
During the last decades, broiler selection has resulted in a remarkable decrease of the slaughter age and increase of breast muscle and meat output per se. The time to reach a commercial slaughter weight of 2.5 kg has been reduced from 12 wk to 38 d of age (Havenstein et al., 2003a,b; Decuypere et al., 2010; Zuidhof et al., 2014) . As a consequence, however, breeder hens have to be controlled in their feed intake in order to maintain an acceptable laying capacity (Bruggeman et al., 1999; Decuypere et al., 2010) . Unfortunately, the concept of controlling the feed intake of broiler breeders has an adverse impact on animal welfare and behavior (Decuypere et al., 2010; De Jong and Guémené, C 2018 Poultry Science Association Inc. Received October 12, 2017 . Accepted January 23, 2018 Corresponding author: johan.buyse@kuleuven.be 2011). Therefore, broiler breeder research has focused on increasing the daily feed allocation by increasing the fiber content (Savory and Lariviere, 2000; Hocking, 2006; Enting et al., 2007; Zuidhof et al., 2015) or reducing the crude protein (CP) level of breeder diets (Hocking et al., 2002; van Emous et al., 2013; Moraes et al., 2014; van Emous et al., 2015b) . Reducing the dietary CP content of both breeder and broiler diets might have positive effects on nitrogen (N) excretion and thus reduce the ecological footprint of broiler production. The poultry industry is known to have a large output of ammonia that contributes to eutrophication and soil acidification (Meda et al., 2011) . One way to reduce the ammonia emission in broiler production is decreasing the CP content of the broiler diets (Bregendahl et al., 2002; Meda et al., 2011) . Another way to reduce the N excretion of the poultry industry could be accomplished by increasing the N efficiency of the broiler generation by maternal programming.
With recent insights in epigenetics and multigenerational research, the question arises whether these dietary treatments, imposed on the breeder hens, could influence the offspring performance. Progeny of broiler breeder hens fed low-density diets during the laying period showed an increased embryonic development and higher day-old chick weight and postnatal growth (Enting et al., 2007) . Rao et al. (2009) studied the effects of a reduction in maternal dietary CP content in broiler breeder diets and observed a lower hatch weight but higher postnatal growth up to 4 wk and an altered gene expression, such as 20-hydroxysteroid dehydrogenase, insulin-like growth factor-I, glucocorticoid receptors, thyrotropin-releasing hormone, and leptin receptor in embryos of low-protein (LP) fed breeder hens. Studies on prenatal programing in chicken showed an altered carbohydrate and protein metabolism after albumen removal during incubation (Hill, 1993; Everaert et al., 2013; Willems et al., 2013; Willems et al., 2015) . This mismatch between a maternal rich and offspring poor nutrition often results in an altered metabolic phenotype (Roseboom et al., 2011; Tobi et al., 2014; Bleker et al., 2016) . Studies between a match in maternal poor and offspring poor nutrition have shown that the progeny can adapt to the maternal environment (Cleal et al., 2007; Raubenheimer et al., 2012; Bateson et al., 2014) . The ability to adapt to the maternal environment by changing phenotype is referred to as "predictive adaptive response" or "developmental plasticity" (Bateson et al., 2004; Bateson et al., 2014) , whereby individuals modify their phenotype to maximize fitness under the maternal environmental conditions. It is hypothesized that the progeny of LP fed breeders could be programmed to cope better with a lower dietary CP level, resulting in less N excretion and an improved N retention. Commercial broiler breeding programs have a triangular structure and consist of 5 generations (Leeson and Summers, 2000) . If the maternal programming for higher protein efficiency would be transferable from a pure line (top of the triangle) to the commercial broiler breeders (bottom of the triangle), the economic losses by a reduced reproductive performance (Joseph et al., 2000) could be of less importance compared to the positive ecological and economic effects on the broiler generation. Hence, the interest of the present study was to investigate if a reduction of the maternal dietary CP content could influence the broiler performance by preparing the broilers to cope better with lower dietary CP levels, aiming to reduce N excretion.
MATERIALS AND METHODS

Ethics
The present research was approved by the ethical commission for experimental use of animals of the KU Leuven under accession number P187/2013. 
Breeder Management and Dietary Manipulation
This project aimed to investigate if the performance of the broiler progeny could be influenced by a reduction of the CP level in the feed of breeders in one and/or 2 consecutive generations ( Figure 1 ). The multigenerational effects of a reduced maternal dietary protein content in the diets were investigated by reducing the dietary CP level by 25% during the rearing and laying periods of pure line A breeder hens. The F0 generation consisted of 2 groups, i.e., control (C) group and reduced balanced protein (RP) group. The F0 female progeny were fed either a C or RP diet, resulting in 4 dietary treatments in the F1 generation: C/C, C/RP, RP/C, and RP/RP, with letters indicating the breeder diet in, respectively, the F0 and F1 generations (Figure 1) . A detailed description of breeder management and dietary treatment is described by Lesuisse et al. (2018) . The male breeders were not subjected to any dietary treatment and were fed according to the breeder management guide for a Ross 308 parent stock (Aviagen, 2013) . Breeders were artificially inseminated from wk 25 onwards. At the age of 19 wk, 18 males were selected and transferred to individual cages (0.6 × 0.4 × 0.6 m). The semen of these males was pooled and diluted following the protocol of Sexton (1977) , after which 100 μl of the diluted semen was injected once a wk into the vaginas of the female breeders.
Offspring Trial 1: Zootechnical Broiler Performance
In wk 39 and 40, a total of 1,100 eggs of the C/C, C/RP, RP/C, and RP/RP breeders was collected. The eggs were randomly divided over 2 forced-draft incubators (PAS Reform incubator, Zeddam, The Netherlands) and incubated for 21 d following the standard incubation conditions, i.e., dry bulb temperature of 37.6
• C and a wet bulb temperature of 29.0 • C, and were turned every h over an angle of 90
• . On embryonic d 18, all eggs were candled, and those with signs of viable embryos were transferred from the setter trays to 3 Provided per kg diet: Vitamin A 10,000 IU; vitamin D3 2,500 IU; vitamin E 50 mg; vitamin K3 1.5 mg; vitamin B1 2.0 mg; vitamin B2 7.5 mg; vitamin B6 3.5 mg; vitamin B12 20 μg; niacinamide 35 mg; D-pantothenic acid 12 mg; choline chloride 460 mg; folic acid 1.0 mg; biotin 0.2 mg; iron 80 mg; copper 12 mg; manganese 85 mg; zinc 60 mg; iodine 0.8 mg; selenium 0.15 mg. 4 Based on 2 analyses in duplicate per diet. 5 Calculated according to CVB, 2012. individual hatching baskets. After cloacal sexing, male progeny of each maternal dietary treatment of the F1 generation were randomly allocated to 8 floor pens (1.0 × 0.75 m), with 8 male chicks per pen. The pens were equipped with 3 drinking nipples in the back and 2 feeders in the front. The male progeny from the C/C, C/RP, RP/C, and RP/RP breeders were fed either a C or LP broiler diet, resulting in 8 treatments with 4 replicates per treatment ( Figure 1 ). Both broiler diets were a standard 3-phased broiler feed optimized following the recommendation of CVB (2012) and amino acid content of the LP diet was decreased by 15% compared to the C diet, whereas diets were formulated to be isoenergetical and composed of the same raw materials. Fat percentage was similar in the C and LP diets for each phase, and the decrease in protein was isoenergetically substituted by carbohydrates. The starter diet was supplied from 1 to 10 d (crumble), a grower diet from 11 to 25 d (pellet), and a finisher diet from 26 to 42 d of age (pellet). All birds were wing tagged for individual weekly weighing. The floor was covered with wood shavings as bedding material, and light and temperature schedules were followed according to the management guide of Ross 308 broilers (Aviagen, 2014) . During the first wk, the photoperiod was 23L:1D, and from 1 wk of age onwards, broilers were kept on a 14L:4D:2L:1D:2L:1D lighting program.
Data Collection: Offspring Trial 1
Body Weight, Feed Intake, and FCR. The broilers were weighed individually at 0, 7, 21, 28, 35, and 42 d of age. The feed intake was calculated by weighing the remaining feed and subtracting this from the amount of feed administered. The FCR was calculated weekly and corrected for mortality and difference in BW (Lesuisse et al., 2017) .
FCR wmc = FCR actual + [(Target BW -Actual BW)/45 * 0.01] FCR wmc = FCR corrected for BW differences and mortality FCR actual = BW gain divided by feed intake, corrected for mortality Body Composition and Blood Collection. At hatch and 42 d of age, 10 broilers per group were sacrificed and dissected according to their maternal (C/C, C/RP, RP/C, and RP/RP) and current (C or LP feed) dietary treatment. The hatchlings were killed by decapitation, whereas 42-day-old broilers were euthanized by electrical stunning prior to decapitation, following the EU regulation. At hatch, the weight of residual yolk, breast muscle (pectoralis major and minor, both sides), pancreas, and liver was recorded. At d 42, the weight of breast muscle (pectoralis major and minor, one side), abdominal fat pad, pancreas, and liver were recorded. Proportional weights were calculated by dividing the organ weight by the live weight of the bird. At hatch, blood was collected from 10 birds per dietary treatment and kept on crushed ice in heparinized tubes for the duration of the sampling session. Afterwards, the whole blood was centrifuged for 15 min at 1,500 g at 4
• C to separate the plasma. Plasma was stored at -20
• C for posterior analysis. Plasma 3,3',5-triiodothyronine (T 3 ) and thyroxine (T 4 ) concentrations were measured by radio-immunoassay as described by Darras et al. (1996) .
Offspring Trial 2: Nitrogen Retention
Eggs were collected from the C/C, C/RP, RP/C, and RP/RP breeders at 34 and 35 wk of age and incubated following the standard incubation conditions, i.e., dry bulb temperature of 37.6
• C and a wet bulb temperature of 29.0
• C, in a forced-draft incubator (PAS Reform incubator, Zeddam, The Netherlands). The trial was conducted at the animal facilities of the Precision Livestock and Nutrition Unit (Liège University, Belgium). The digestibility cages measured 1 m x 0.75 m and were constructed with a wired bottom, 2 nipple drinkers, and a feed trough in front. A metal tray was placed under the cage for excreta collection. The one-day-old male progeny of the C/C, C/RP, RP/C, and RP/RP breeders were fed a C or LP broiler diet (Figure 1) (Table 1 ). The starter diet was supplied from 1 to 10 d, and a grower diet from 11 to 20 d of age. Titanium dioxide (TiO 2 ), an indigestible marker, was included in the grower diets at an inclusion rate of 0.3% for later analysis of N retention. From d 1 to 8, the chicks were housed together according to their maternal (C/C, C/RP, RP/C, and RP/RP) and current (C or LP feed) dietary treatment, resulting in 8 groups. On d 8, chicks of each group were weighed individually and divided over 4 replicate pens with a similar average weight per pen. From d 17 until d 20, feed intake was recorded and excreta were collected during 4 consecutive days for determination of N retention. During daily collection, feathers and feed residues were removed from the feces samples, and the wet excreta was stored at -20
• C. After the animal trial, all feces samples were freeze-dried and pooled according to their pen number to create a homogeneous excreta sample of the 4 sampling days. The N content, dry matter, and TiO 2 of these samples were analyzed for calculation of the N retention. Dry matter was determined by drying the excreta samples for 48 h at 103
• C until a constant sample weight was achieved. The N content was analyzed by the Kjeldahl method. The TiO 2 concentrations were measured by weighing 0.5 grams of the feed and feces samples and adding 3.5 g of K 2 SO 4 , 0.4 g CuSO 4 , and 13 mL of concentrated H 2 SO 4 . This step was followed by heating for 2 h at 420
• C; subsequently, the samples were cooled down for 30 minutes. Afterwards 10 mL of a 30% H 2 O 2 solution were added to the mixture and cooled down for another 30 minutes. Distilled water was added until a total weight of 100 g was reached. The mixture was then filtered, and the absorbance of the supernatant was measured at a wavelength of 410 nm (Myers et al., 2004) . The N retention was calculated using the concentration indigestible marker TiO 2 in the feed and excreta samples (Smeets et al., 2015) :
N feed and N excreta = Nitrogen concentration in, respectively, feed and excreta samples (g/kg).
TiO 2feed and TiO 2excreta = Titanium dioxide concentration in, respectively, feed and excreta samples (g/kg).
Statistical Analysis
In trials 1 and 2, the broilers receiving C or LP broiler diets were analyzed separately, as it is known from literature that the dietary CP level of the diet has a predominant effect on the BW, FCR, and N retention (Swennen et al., 2007) . Average weekly BW, feed intake, and FCR data of trial 1 were analyzed using a Table 2 . Body composition [breast muscle (BM) and abdominal fat pad], liver, remaining yolk sac, and plasma T 3 and T 4 concentrations of the offspring of C/C, C/RP, RP/C, and RP/RP breeders (letters indicating the breeder diet in, respectively, the F0 and F1 generations; C = Control diet, RP = Reduced balanced protein diet) at hatch (N = 10). 
RESULTS
Trial 1: Zootechnical Offspring Performance
Body Composition and Plasma Results at Hatch. No differences were found in body composition or weight of the remaining yolk sac of one-day-old chicks ( Table 2 ). The offspring of the C/RP breeders were characterized by significantly higher plasma T 3 concentrations (P = 0.002) compared to the C/C, RP/C, and RP/RP progeny ( Table 2 ). The T 4 plasma concentrations showed no differences among the groups, whereas the T 3 :T 4 ratio was significantly increased for the C/RP progeny compared to the C/C and RP/RP offspring (Table 2) .
Body Weight on Control Broiler Diets. The results of the offspring of the C/C, C/RP, RP/C, and RP/RP breeders on C broiler feeds are presented in Figure 2 . The body weight of the various groups was characterized by a significant interaction of maternal nutritional treatment and age (P = 0.001). From d 7 until d 28, no differences in BW were observed between the groups, whereas from d 35 until d 42, the offspring of C/RP and RP/RP breeders were characterized by a significantly higher BW compared to the C/C progeny. The final BW at slaughter age of 42 d was, respectively, 3,136 ± 54 g, 3,334 ± 51 g, 3,197 ± 49 g, and 3,315 ± 57 g for the progeny of C/C, C/RP, RP/C, and RP/RP breeders. No differences in body composition among the various groups were found at 42 d of age (Table 3) .
Feed Conversion Ratio on Control Broiler Diets.
The weight and mortality corrected FCR (FCR wmc ) for the offspring of C/C, C/RP, RP/C, and RP/RP breeders is shown in Figure 3 . No group differences among the progeny of C/C, C/RP, RP/C, and RP/RP breeders were observed. The FCR wmc of the offspring of C/C, C/RP, RP/C, and RP/RP breeders at 42 d of age was on average, respectively, 1.51 ± 0.03, 1.43 ± 0.03, 1.49 ± 0.06, and 1.42 ±0.03.
Body Weight on Low Protein Broiler Diets. The BW of the progeny of C/RP and RP/C breeders was significantly higher compared to the offspring of C/C and RP/RP breeders (P < 0.001). The average BW at 42 d of age was 2,851 ± 75 g, 2,981 ± 85 g, 2,977 ± 58 g, and 2,797 ± 78 g for, respectively, the progeny of the C/C, C/RP, RP/C, and RP/RP breeders (Figure 4) . The body composition did not differ among the groups (Table 3) .
Feed Conversion Ratio on Low-Protein Broiler Diets. The FCR wmc of the C/C, C/RP, RP/C, and RP/RP progeny is presented in Figure 5 . The FCR wmc was characterized by an interaction of maternal nutritional treatment and age (P = 0.021). The offspring of the C/RP breeders had a significantly decreased FCR wmc compared to the progeny of C/C and RP/RP breeders, whereas the offspring of RP/C breeders had intermediate values.
Trial 2: Nitrogen Retention
The total tract N retention for C and LP broiler diets is shown in Table 3 . For C broiler diets, the N retention showed a tendency to be higher for the C/RP, RP/C, and RP/RP offspring compared to the C/C progeny (P = 0.067). The total tract N retention was on average 58.0 ± 1.7%, 61.7 ± 2.0%, 62.2 ± 0.8%, and 64.0 ± 0.9% for, respectively, the offspring of C/C, C/RP, RP/C, and RP/RP breeders. The total tract N retention on LP broiler diets was not affected by the maternal dietary treatment ( Table 2) . The average N retention on LP diets of broilers originating from C/C, C/RP, RP/C, and RP/RP breeders was, respectively, 65.1 ± 1.6%, 64.7 ± 2.7%, 64.0 ± 0.5%, and 66.5 ± 2.0%. 0.14 ± 0.11 0.15 ± 0.01 0.14 ± 0.01 0.14 ± 0.01 NS LP broiler diets BM weight (%) 1 9.31 ± 0.26 9.35 ± 0.32 8.98 ± 0.19 9.23 ± 0.22 NS Abdominal fat weight (%)
1.60 ± 0.07 1.62 ± 0.11 1.57 ± 0.07 1.43 ± 0.09 NS Liver weight (%)
1.88 ± 0.07 1.97 ± 0.06 1.90 ± 0.07 2.05 ± 0.08 NS Pancreas weight (%) 0.14 ± 0.01 0.14 ± 0.01 0.14 ± 0.01 0.16 ± 0.01 NS 1 Breast muscle (both the pectoralis major and minor) of the left side.
DISCUSSION
The presented results indicate that maternal nutrition alteration can influence the progeny performance. More specifically, the dietary CP level in the breeder diets can affect the progeny performance. At 42 d of age, the BW of the male progeny (fed with C broiler diets) from the C/RP and RP/RP breeders was significantly increased compared to that of the C/C breeders, whereas broilers originating from the C/RP and RP/C breeders were characterized by an increased BW at 42 d of age when fed lower dietary CP levels in the broiler generation (−15% CP). In addition, the male progeny of the C/RP breeders had a lower FCR wmc on LP broiler feed compared to the offspring of standard fed breeders (C/C group). The zootechnical performance of the broilers originating from C/RP breeders was thus improved in both C and LP broiler diets. These findings are in agreement with the results of Lopez and Leeson (1995), Rao Table 4 . Total tract nitrogen (N) retention of the C/C, C/RP, RP/C, and RP/RP offspring (letters indicating the breeder diet in, respectively, the F0 and F1 generations; C = Control diet, RP = Reduced balanced protein diet) on control or low-protein (LP) broiler diets (N = 4).
Maternal dietary treatment
Nitrogen retention C/C C/RP RP/C RP/RP P maternal treatment
Control broiler diets
Nitrogen retention (%) 58.0 ± 1.7 61.7 ± 2.0 62.2 ± 0.8 64.0 ± 0.9 (0.067) LP broiler diets Nitrogen retention (%) 65.1 ± 1.6 64.7 ± 2.7 64.0 ± 0.5 66.5 ± 2.0 NS Lesuisse et al. (2017) , in which an increased BW and/or decreased FCR was observed after a reduction in the maternal dietary CP level. However, the results of Spratt and Leeson (1987) , Moraes et al. (2014), and van Emous et al. (2015a) showed no effect of the maternal dietary treatment on the BW or FCR of the progeny. The discrepancies between these results could be explained by the different period when the maternal dietary treatment was applied. In the work of Spratt and Leeson (1987) , Lopez and Leeson (1995) , Rao et al. (2009) , and Lesuisse et al. (2017) , the dietary CP intake was reduced during the laying phase of the breeder hens, whereas Moraes et al. (2014) and van Emous et al. (2015a) lowered the dietary CP level only during the rearing phase and fed C diets during the laying phase. In Lesuisse et al. (2017) and the present research, the maternal dietary CP reduction was applied during both rearing and laying periods. With the exception of the results of Spratt and Leeson (1987) , it could be hypothesized that the maternal effects of a reduction in the dietary CP level in the rearing phase only is not transferable to the progeny, but that the offspring performance can be influenced by applying the maternal dietary treatment during the laying phase. The latter seems also to be valid for research in rats, sheep, and cattle, in which even a distinction in effects on the next generation can be made based on the timing of the maternal treatment during the gestating and lactation periods (Zambrano et al., 2005; Mossa et al., 2015) . Studies on the effects of the Dutch Hunger Winter also showed that maternal undernutrition during gestation had long-lasting effects in later life, but that these effects were dependent on the timing of the malnutrition during pregnancy (Roseboom et al., 2006) . In commercial practice with broiler breeders and laying hens, it is known that changes in the diet formulation have a direct impact on bird performance, e.g., increasing calcium levels with aging to prevent poor eggshell quality and lowering the dietary CP to control egg weight (Kidd, 2003; Chang et al., 2016) . In both broiler breeders and laying hens, supplementation of the maternal nutrition, applied only during the laying phase, can be transferable to the egg composition in a short time period (Surai, 2000; Lemahieu et al., 2013) . In birds, the embryo develops independently from the mother, and all nutrients and hormones are deposited in the egg at time of lay. Hence, it can be concluded that the diets provided during the laying phase will have a more direct impact on progeny performance compared to a maternal dietary treatment during the rearing phase.
In the offspring trial on C broiler diets, the progeny of breeders fed RP diets in the F1 generation (C/RP and RP/RP breeders) were characterized by an increased BW from 35 to 42 d of age and a tendency towards a better N retention compared to the progeny of C/C breeders. It is hypothesized that the progeny of RP fed breeders were programmed to be more efficient with their protein supply in C broiler diets as suggested by the tendency towards an improved N retention at 3 wk of age. These findings are in agreement with the study of Ford et al. (2007) , in which an increased slaughter weight of ewes was found after a maternal undernutrition during d 28 to 78 of gestation. The mismatch between a poor maternal and rich offspring diet could be a predominant factor for the increased BW of the progeny from mothers receiving a lower dietary CP content. Lesuisse et al. (2017) described the zootechnical performance of the F0 generation offspring (Figure 1 ) and showed that breeders fed RP diets (25% reduction in CP) required only a 3% higher feed allocation at 38 wk of age, whereas this difference was 10% during the rearing phase and 8% at 32 wk of age. These findings could suggest that breeders fed RP diets developed a more efficient protein metabolism in later life and passed this metabolic change to their progeny. The results of the progeny of the C/RP breeders on the LP broiler diets confirmed this latter hypothesis by showing an increased BW and a lower FCR wmc compared to the offspring of C/C breeders at 42 d of age. However, the performance of the progeny from RP/RP breeders was similar to the offspring of C/C breeders and thus lower compared to the broilers originating from C/RP breeders. It is suggested that the progeny of the RP/RP breeders had difficulties coping with the lower dietary CP levels of the LP feeds, as they had a similar BW as the progeny of C/RP breeders on C broiler diets. van der Waaij et al. (2011) observed an increased BW at 6 wk of age for the progeny of ad libitum fed broiler breeders compared to restricted fed breeders, if the broiler progeny also were fed ad libitum. In the latter study, a match in maternal rich (ad libitum) and offspring rich nutrition (ad libitum) led to an increased BW, whereas in the present research, a mismatch in maternal poor (reduced CP level) and offspring rich (normal CP level) diets resulted in an increased BW compared to a maternal rich and offspring rich environment.
The question of this multigenerational experiment is whether the effects of a dietary treatment in the F0 generation can be observed 2 generations later. The RP/C breeders were fed RP diets in the F0 generation and C diets in the F1 generation. Thus, no direct maternal programming effect of the RP breeder diet in the F1 generation could have influenced the performance of the RP/C offspring. For the C broiler diets, no difference was observed between the RP/C progeny and C/C offspring, as the BW and FCR wmc did not differ. However, the N retention trial on C broiler diets showed a tendency for a higher N efficieny (+4.2%) for the progeny of RP/C compared to C/C breeders. When fed LP broiler diets, the RP/C offspring had an increased BW compared to the C/C progeny, whereas no differences were found in N retention. These results suggest that the RP/C offspring performed slighty better compared to the C/C progeny, especially when a nutrititional challenge, in terms of lower dietary CP, was applied. A study of Brun et al. (2015) on Muscovy ducks showed that a methionine deficiency in the F0 generation had a transgenerational effect on the F2 generation by an increased weight gain and feed effiency during a forced feeding period. In rats, it also was demonstrated that a maternal dietary treatment on the F0 generation could alter the metabolism of the F2 offspring (Zambrano et al., 2005; Burdge et al., 2006) . The transmission of these dietary treatments from an F0 to F2 generation could have multiple effects on the current poultry industry. The breeding structure has a triangular shape, and the opportunities to apply maternal dietary treatments on subsequent generations could be immense. The poultry industry has a high ecological pollution, due to the presence of high amounts of N in the feces, which contributes to eutrophication and soil acidification (Meda et al., 2011) . A more N efficient broiler generation could reduce the output of ammonia and therefore help improve the sustainability of the meat-type chicken industry. However, before implementing RP breeder diets in field practice, further research on maternal programming in chickens is imperative. For example, the laying performance of the RP/C chickens was negatively influenced by the RP diet in the F0 generation (Lesuisse et al., 2018) and will therefore also have a negative impact on the ecological and economic costs of broiler production.
CONCLUSION
The present results indicate that maternal dietary treatment can affect several generations and that maternal programming towards an F1 or F2 generation can occur in poultry. Dietary treatments, imposed on the mother hen, can thus have a direct feed effect on the next generation, but also indirectly influence multiple generations. Reducing the maternal dietary CP content of broiler breeders during the laying phase had a tendency to influence the N efficiancy 2 generations later. Moreover, the maternal dietary CP reduction during the laying phase could improve the growth rate and alter the FCR of the offspring. These results suggest that feeding broiler breeders a reduced dietary CP level in the F0 or F1 generation can improve broiler performance.
